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WIND TUNNEL TEST OA113 OF THE 0.013-SCALE 
SPACE SHUTTLE ORBITER MODEL 51-0 IN THE 
CALSPAN HYPERSONIC SHOCK TUNNEL (48-INCH L E G )  
By 
R. R. Burrows, Rockwell International Space Division 
C .  E.  Rogers, Calspan Corporation 
ABSTRACT 
T h i s  report presents results of w i n d  tunnel t e s t  OA113, an experimental 
investigation conducted i n  the Calspan Hypersonic Shock T u n n e l ,  from 10 
through 28 August and 28 September through 4 October 1974 u s i n g  a 0.010- 
scale "140A/B" configuration Orbiter model designated 51 -0. 
The tes t  objectives were: 
1 )  To obtain force and moment data a t  various Mach numbers and 
Reynolds numbers from which  viscous interaction effects on 
s t a b i l i t y  and control may be determined. 
2 )  To provide flow visualization data from which the e f fec ts  of 
control surface separation may be evaluated. 
3 )  To obtain pressure data i n  conjunction w i t h  force and moment 
data t o  a s s i s t  i n  analyzing viscous interaction and flow-separa- 
t ion effects .  
A to ta l  of 121 runs were made, 108 of which provided useable data. 
Data were obtained a t  angles-of-attack of Z O O ,  30", 40", and 50" ( a l l  a t  
f3 = 0" and a combined at t i tude,  a = 30", 6 = 5"). The Mach number range 
covered was from 10 to  16 and the viscous interaction parameter, i:, range 
was from 0.01 t o  0.06. 
i i i  
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INTRODUCTION 
This report contains information pertaining to wind tunnel test OA113, 
The test using model 51-0 in the Calspan 48-inch Hypersonic Shock Tunnel. 
began 10 August1974 and ended 4 October 74 for a total of 121 runs, The 
model used was a 0.010 scale-replica of the "140A/B" configuratjon Orbiter, 
termed vehicle 4. 
The purpose of the test was to: 1) obtain force and moment data at 
various Mach numbers and Reynolds numbers from which viscous interaction 
effect on stability and control may be determined, 2) provide flow visuali- 
zation data from which the effects of control surface separation may be 
evaluated, and 3) obtain pressure data in conjunction with force and moment 
data to assist in analyzing viscous interaction and flow-separation effects. 
Detailed model , instrumentation, and pretest information are given in 
Reference 15. 
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NOMENCLATURE 
Sym bo 1 
a 
A 
bW 
- 
C 
P C 
cA 
cCP 
c, 
cnl 
cN 
Cn 
C' 
C" 
4 c* 
Fl 
m 
00 
m 
P1 ot 
Symbol 
BREF 
LREF 
CA 
C W )  
CBL 
CLM 
CN 
CY N 
CP 
CY 
C* 
SQRTC* 
Definition 
calibration constant, lb/mv or in-lb/mv 
axial force, lbs. 
wing span; lateral reference 
wing MAC length, longitudina 
in. 
length, in 
reference length, 
specific heat at constant pressure, ft-1 bs/slug-OR 
Ac axial force coefficient, - 
qm SW 
Pcav - P- 
qo3 
cavity pressure coefficient, 
rolling moment coefficient, -+- 
m 
pi tc hi ng moment coefficient , 
9- w w 
qo3sw s 
N normal force coefficient, 
qm SW 
n C  yawing moment coefficient - 
qm SW bw 
P, - Pm 
9, 
pressure coefficient, 
Y side force coefficient, 
(see Data Reduction Section) 
(see Data Reduction Section) 
(see Data Reduction Section) 
qfm sw 
vertical distance from balance center to model MRC, 
inches 
5 
HW 
R 
'b 
m 
Mi 
OD 
M 
MRC 
n 
N 
P 
Pm j 
PO 
P O  
I 
'TS 
Po2 
4, 
Re/ f t  
'cav. 
'W 
MACH 
MRP 
SREF 
NOMENCLATURE (Continued) 
t o t a l  enthalpy,  f t - l b s / s l u g ,  Ho was m u l t i p l i e d  by 
f o r  data d i s p l a y  
enthalpy a t  wa l l  
m u l t i p l i e d  by 10-% fo r  data d i s p l a y  
r o l l i n g  moment about the  balance center ,  i n - l b s  
O r b i t e r  re ference body length,  inches 
ond i t ions ,  f t - 1  bs/s lug , Hw was 
p i t c h i n g  moment about the  balance center ,  i n - l b s  
i n c i d e n t  shock Mach number 
Mach number 
model moment reference center  ( X o ,  Yo, Zo),  i n  
yawing moment about .the balance center ,  i n - l b s  
normal force,  l bs .  
pressure, ps ia  
pressure measured on model a t  t ap  number j = 1,2,3,4, 
ps ia  
s tagnat ion pressure, ps ia  
s tagnat ion pressure behind a normal shock, ps ia  
pressure i n  the  t e s t  sec t i on  before a t e s t ,  microns 
freestream s t a t i c  pressure, ps ia  
freestream dynamic pressure 
Reynol ds number per f o o t  . 
mu1 t i p 1  i e d  by 1 0'6 f o r  data d i s p l a y  
Reynolds number, 
f o r  data d isp lay ,  based on o r b i t e r  reference length .  
model reference c a v i t y  area, i n .  
model wing reference area, i n  
pm 1 Re/ f t  was ' ft' lJ 
"a 'b ,ReQ was m u l t i p l i e d  by 
m 
2 
2 
b 
NOMENCLATURE (Continued) 
T* T* 
T T m 
- 
U 
U U m 
- 
V 
8* co VBAR 
9 '  m VLBAR 
x /gb  XCPIL 
C P  
xi 
X~~~ XMRP 
xO xo 
Y 
'MRC YMRP 
YO 
'MRC ZMRP 
zO zo 
temperature, O R  
t o t a l  temperature, O R  
temperature a t  wall conditions, O R  
(see Data Reduction section) 
freestream s t a t i c  temperature, O R  
longitudinal distance between the balance center 
and the model MRC, inches 
freestream velocity, f t .  per sec. 
spanwise distance between the balance center and the 
model MRC, inches 
(see Data Reduction section) 
(see Data Reduction section) 
- 
normal force center of pressure, 0 . 6 5 - ( c r ) ( ~  cm c ), percent model length 
i t h  component balance capsule output, i = 1 , 2 , .  , ,6, 
mv 
longitudinal location of MRP, i n .  Xo Orbiter longi- 
tudinal s t a t i o n ,  i n .  
Orbiter longitudinal s ta t ion,  i n .  
side force, lbs 
lateral  location of MRP, i n .  Yo 
Orbiter la teral  s ta t ion ,  i n .  
vertical location of MRP, i n .  Zo 
Orbiter vertical s ta t ion,  i n .  
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NOMENCLATURE (Continued) 
Q ALPHA 
Y 
A I  LRON &a 
&BF BDFLAP 
& E  ELEVON 
6R RUDDER 
'SB SPDBRK 
Urn MU 
Pm RHO 
a S I GMA 
4 P H I  
B BETA 
SUBSCRIPTS 
1 
4 
A F  
C 
cav. 
C P  
E 
i 
L 
model angle-of-at tack,  degrees 
s p e c i f i c  heat r a t i o  
a i l e r o n  de f l ec t i on  (6 
body f l a p  de f lec t ion ,  degrees 
elevon d e f l e c t i o n  ( 6EL + &ER) /? ,  degrees 
rudder de f l ec t i on ,  degrees 
speedbrake de f l ec t i on ,  degrees 
- & ~ ~ ) / 2 ,  degrees 
E L  .- 
f reestream absolute v i s c o s i t y  c o e f f i c i e n t ,  
s lugs/ f t -sec,  u, was m u l t i p l i e d  by 10' f o r  data 
d i sp lay  
freestream densi ty ,  s l u g s / f t 2 ,  P, was m u l t i p l i e d  
by l o 6  f o r  data d i sp lay  
standard devi  a t i o n  
angle of r o l l ,  degrees 
angle o f  s i d e s l i p ,  degrees 
d r i ven  gas i n i t i a l  cond i t ions  
denotes reg ion  behind r e f l e c t e d  shock 
data based on tunnel  a i r f l o w  c a l i b r a t i o n s  
corrected 
c a v i t y  
center  o f  pressure 
data based on est imated values f o r  q, ( r e f .  14) 
i n c i d e n t  shock i n  d r i v e n  gas 
l e f t  
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NOMENCLATURE (Concluded) 
m 
0 
0' 
R 
ref .  
W 
OD 
model 
nozzle supply stagnation conditions; Orbiter reference 
system 
stagnation conditions behind a normal shock 
right 
reference 
wing reference; conditions a t  wall 
freestream conditions 
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REMARKS (PRECISION OF DATA) 
The stagnation enthalpy and the t e s t  section free stream conditions 
were calculated u s i n g  the thermodynamic properties of real a i r ,  the incident 
shock wave velocity and the nozzle supply pressure. 
cident shock wave was measured t o  within -I.1 percent. Based on the agreement 
of  pressure transducers, the nozzle supply pressure is  considered accurate 
t o  w i t h i n  f 3.5 percent. The dynamic pressure was determined from a l inear  
correlation of measured model pressures and forces (see Data Reduction sec- 
t i on ) ;  therefore one would expect the most probable error  in dynamic pressure 
t o  re f lec t  the accuracy of these measurements which i s  2 5% and & 3%, re- 
spectively. 
calculated as t 5.8%. The t e s t  section Mach number which i s  i n  t u r n  de- 
pendent upon the ra t io  of po'/po= %/po i s  then estimated t o  be accurate 
t o  t 2%. 
The speed of the i n -  
The resultant most probable error in dynamic pressure i s ,  
The model a t t i tude was se t  w i t h  an inclinometer a t  the desired angles 
of pitch and r o l l ,  and they are estimated t o  be within f 0.1". 
On the basis of  calibration repeatabil i ty and on the consistency and 
the repeatability o f  the pressure data, i t  i s  estimated t h a t  these d a t a  have 
a "most probable error" of -I 5%. 
Uncertainties i n  force coefficients a r i se  from errors  i n  q,, reference 
area and balance loads. The  error i n  8, is  covered i n  the Data Reduction 
section. If  one assumes a negligible error  i n  the reference area, then a l l  
t h a t  i s  needed t o  obtain the overall accuracy o f  the force da ta  i s  a know- 
3edge of the precision of measuring the balance loads. On the balance 
10 
REMARKS (Concl uded) 
output  there will be an incremental e r r o r  w h i c h  i s  based on the c a p a b i l i t y  
of the balance t o  read a g iven  load. This type  of unce r t a in ty  would p u t  
on the d a t a  p l o t  a band which would be independent of angle  of a t t a c k .  
These incremental e r r o r s  a r e  obtained by c a l c u l a t i n g  the s tandard  dev ia t ion  
between app l i ed  and ca lcu la ted  c a l i b r a t i o n  loads.  The c a l c u l a t e d  loads  were 
determined by using the c a l i b r a t i o n  cons t an t s  and the balance ou tpu t  d a t a  
produced by the appl ied  loads. 
the results a r e  a s  follows: 
For the c a l i b r a t i o n s  used i n  the program, 
Component 
N 
m 
Y 
n 
R 
A 
Standard Deviation (a) 
f ,232 pounds 
-1 .418 inch-pounds 
f .775 pounds 
+ - .670 inch-pounds 
+ ,081 inch-pounds 
+ - .066 pounds 
For a normal o r  Gaussian d i s t r i b u t i o n  of e r r o r s ,  l a  con ta ins  68.3% of  
the d a t a  compared t o  99.7% of the d a t a  f o r  30. Therefore ,  3a i s  considered 
t o  be more appl i cab l  e here. 
Component 
N 
m 
Y 
n 
R 
A 
+ - .696 pounds 
-11.254 inch-pounds 
+2.325 pounds 
+2.010 inch-pounds 
+ - .243 inch-pounds 
,198 pounds 
CONFIGURATIONS INVESTIGATED 
The t e s t  a r t ic le  was a 0.010-scale replica of the "140 A/B" configura- 
tion of the SSV Orbiter, vehicle 4. 
magnesium and consisted of the following removable items: fuselage, wing,  
vertical  t a i l ,  o r b i t a l  mz.neuvering system (OMS) pods and nozzles, simulated 
Orbiter main engine nozzles, elevons, and body f lap.  (See reference 16 f o r  
drawing  numbers). 
The model was constructed of AZ31B 
The following nomenclature was used t o  designate the model components: 
- C E  F M N  R V W  O1 - '26 9 44 7 7 28 N77 5 8 116 
Component Definition 
'26 Body 
Canopy c9 
Elevon ( l e f t  and r i g h t )  E44 
Body f lap  
OMS pods ( l e f t  and r i g h t )  
F7 
M7 
OMS nozzles ( l e f t  and r i g h t )  
SSME nozzles (top, lower l e f t ,  lower r i g h t )  
N28 
N77 
Rudder R5 
Vertical t a i l  '8 
'116 Wing 
The above nomenclature i s  depicted i n  Figure 2a and defined i n  Table 111. 
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CONFIGURATIONS INVESTIGATED (Concluded) 
The entire t e s t  was performed w i t h  a l l  of t he  above components i n  place.  
Various combinations o f  elevon and body f l a p  de f l ec t ions  were t e s t e d .  They 
a r e  a s  follows: 
Left  6, 
-40' 
-40" 
0" 
0" 
0" 
t 1 2 "  
+12" 
t15" 
t12"  
Right tie 
-40' 
-40" 
0" 
0" 
0" 
+12" 
t12" 
t15" 
0" 
SBF - 
-11.7" 
0" 
0" 
-11.7" 
+16.3" 
0" 
t16.3" 
t16.3" 
0" 
1 1  
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INSTRUMENTAT ION 
The force measurement system used for test OA113 consisted of the 
Cal span 1.312 inch diameter six-component "E" balance and an accelerometer 
balance for inertial compensation. The "E" balance, which was mounted in- 
ternally in model 51-0 consists of six piezoelectric load cells mounted to 
a non-metric platform which was integral with the st ng support. 
accelerometer balance consisted of six accelerometers (equal in number to 
the number of force and moment components) whose locations were selected 
for maximum imposed acceleration, i.e., at model extremities for pitch, 
roll, yaw. An analog computer was used to combine signals from the balance's 
six force-beams (3 normal, 2 side, and 1 axial) and the accelerometer 
balance system, to yield inertially compensated force beam output directly 
in forces and moments. 
The 
Pressure instrumentation consisted of five Cal span transducers mounted 
in the model. 
wing surface pressure and the remaining two measured pressure on the lower 
fuselage centerline. Their locations are shown in Figure 2b. 
One measured balance cavity pressure, two measured lower 
The model, model cavity, and pitot pressures were measured by a system 
developed to meet the particular requirements of shock tunnel testing 
(Ref. 2). The pressure transducers employ piezoelectric elements, and 
their small size permits installation within the model. The transducers 
used in this test have a dual-element feature which reduces acceleration 
effects to an indicated pressure of .0003 psi/g. 
psi may be accurately measured by these transducers. 
Pressures as low as .0008 
Proper shielding of 
14 
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INSTRUMENTATION (Concluded) 
were 
MCL - 
the  elements precludes temperature e f f e c t s  i n  the  sho r t  t e s t  t ime. 
The outputs  from the pressure t ransducers and the  force-balance system 
recorded on the  magnetic drum o f  a Navigat ional  Computer Corporat ion 
00 data a c q u i s i t i o n  system (WVCOR), which samples the  data f rom each 
of 48 channels every 50 microseconds. The data from the  drum a re  t r a n s -  
f e r r e d  t o  a Brush recorder f o r  immediate examination and p re l im ina ry  ca lcu-  
l a t i o n s .  
sequent ly punched on cards f o r  reduc t i on  on an IBM 370-168 computer. 
~ 
The average vol tages obtained from the  Brush recorder  were sub- 
The Sch l i e ren  system used was o f  the  double-pass co l l ima ted  type w i t h  
t h e  k n i f e  edge hor izon ta l .  
t o  ob ta in  photographs of shock waves du r ing  t h e  low dens i t y  runs. 
photographs were taken on most o f  t h e  runs. 
Th is  system was used f o r  the  s e n s i t i v i t y  needed 
Sch l ie ren  
TEST FACILITY DESCRIPTION 
The bas ic  components of the 48- inch Hypersonic Shock Tunnel (HST) a re  
shown i n  F igure  2.c and descr ibed i n  Reference 1. 
constant-area shock tube w i t h  an 8- inch inner  diameter. The d r i v e r  tube i s  
20 f e e t  long and i s  e x t e r n a l l y  heated by a r e s i s t a w e  heater t o  temperatures 
o f  1460" R. The d r i ven  tube i s  50 f e e t  long. 
a m ix tu re  o f  helium and n i t rogen w i t h  a maximum helium p u r i t y  of '100% wh-i?e 
the  d r i ven  gas i s  genera l l y  a i r .  
f i c i e n t  t o  permi t  accurate measurement o f  the  var ious  parameters o f  i n t e r e s t  
a re  achieved w i t h  the t a i l o r e d - i n t e r f a c e  technique. 
shock tunnel  operat ion technique can be found i n  Reference 1. 
The tunnel  employs a 
The d r i v e r  gas i s  genera l l y  
Steady-flow t e s t  t imes o f  du ra t i on  su f -  
A basic  d iscuss ion of 
Three axisymmetric nozzles a re  a v a i l a b l e  t o  expand the  t e s t  gas t o  
h igh  v e l o c i t i e s :  
Nozzle Type i n  inches Mach Number 
A Contoured 24 5.5 t o  8 
D Contoured 48 10 t o  16 
E x i t  Diameter Tes t  Sect ion 
E 10-1/2" Semi-angle cone 48 9 t o  20 
The contoured nozzles prov ide p a r a l l e l  f l o w  w i t h  no pressure grad ien ts  i n  
the  streamwise d i r e c t i o n  f o r  several  f e e t ,  
the  presence of  a streamwise pressure grad ien t  can have a s i g n i f i c a n t  e f fec t  
on model t e s t  resu l t s .  
d i f f e r e n t  diameters so t h a t  w i t h  the  p a r t i c u l a r  nozzle, the  t e s t  Mach 
number can be var ied.  
a rece ive r  tank of a s i z e  s u f f i c i e n t  t o  ma in ta in  t h e  des i red  f low fo r  dura- 
t i o n s  of 5 t o  13 mi l l iseconds.  
This  i s  very  impor tant  s ince 
The nozzles employ rep laceable t h r o a t  i n s e r t s  of 
Test a i r  passes downstream o f  t he  t e s t  sec t i on  i n t o  
A l l  nozzles have been c a l i b r a t e d  us ing p i t o t -  
16 
TEST FACILITY DESCRIPTION (Concluded) 
pressure survey rakes over t h e  Mach number range ind icated.  
The t e s t  sect ion i s  equipped w i t h  two 16- inch diameter Schl ieren 
windows mounted a sho r t  d istance a f t  o f  t he  nozzle e x i t .  
I 
TEST PROCEDURE 
The force balance system was f i r s t  s t a t i ca l ly  calibrated by hanging 
a ser ies  of weights on the balance and recording the force capsule voltage 
outputs. The model was then mounted on the balance and an iner t ia l  com- 
pensation procedure i n  which the model underwent known translational and 
rotational accelerations a b o u t  three chosen axes was conducted. The re- 
sul tant  signals were used as inputs t o  an analog computer. The computer, 
by combining t h e  force balance and accelerometer signals, supplied a s  o u t -  
puts t o  the recording system the values for the aerodynamic forces and 
moments. Once the balance was compensated, a dynamic check calibration 
was made of t h e  complete model balance system t o  verify the accuracy of 
the compensation. 
1 oads from the model and  recording six-component acceleration-compensated 
balance data. 
This procedure consisted of rapidly releasing known 
The pressure transducers were calibrated ( i  . e . ,  voltage o u t p u t  vs. 
appl ied pressure) a f t e r  instal  lat ion i n  the model. 
of the t ransducer  i s  l inear  over the range o f  pressure normally encountered 
during testing. This calibration, in conjunction w i t h  estimated values for  
the model pressures to  be experienced d u r i n g  the actual t e s t ,  provided the 
basis for  adjusting the g a i n  of the data recording system to achieve maxi- 
mum "readability". 
The voltage variation 
The detailed calibration data are kept on f i l e  a t  
Cal span.  
The mode 
ponent " E "  ba 
(H61-1042-5), 
was installed on the Calspan 1.312 inch diameter six-com- 
ance assembly, supported by a Calspan 1-inch diameter st ing 
as  shown in Figures 2d and 2e. The sting was shock mounted 
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TEST PROCEDURE (Concl uded) 
in the tunnel sector for vibration isolation. Model a t t i tude  could be 
adjusted in pitch, yaw or combined pitch and yaw, by pitching the sector 
from 0 t o  53.5 degrees and r o l l i n g  the st ing between 0 and t 180 degrees. 
For the f i r s t  three runs, the  model was inverted ( 4  = 180') and pitched 
t o  +30° angle-of-attack by means of a 45" bent st ing adapter (H33-0004-1) 
which was inverted and pitched +15" a t  the sector (see Fig. 2e). 
pitched the model nose below the tunnel centerline and was done t o  determine 
whether there were any radial flow gradients or flow angularit ies inherent 
t o  the tunnel. 
upright (+ = O O ) ,  w i t h  the s t ra ight  st ing.  
This 
All o f  the remaining runs were performed with the model 
The en t i re  program was performed using the contoured Mach 16 "D" 
nozzle i n  the 48-inch leg of the Calspan Hypersonic Shock Tunnel. 
DATA REDUCTION 
With the  exception of q QI and ph, standard Calspan data reduc t ion  
methods were used t o  compute force and moment coe f f i c i en t  data, cen ter  of 
pressure locat ions,  and the  remaining t e s t  sec t i on  cond i t ions .  Reference 
3 descr ibes ,the Calspan standard data reduc t i on  methccis used f o r  the  Hyper- 
sonic Shock Tunnel. 
From the  model-balance system s t a t i c  c a l i b r a t i o n  data, a m a t r i x  was 
computed t h a t  re la tes  the  app l ied  loads and moments t o  the  balance outputs ,  
accounting f o r  a l l  i n t e r a c t i o n s  and the  l o c a t i o n  o f  the  spec i f i ed  nionient 
reference center. Aerodynamic forces and moments were then computed from 
the  ma t r i x ,  which fo r  the  s i x  component balance has the  form: 
where X = balance capsule output  i n  m i l l i v o l t s  
a = c a l i b r a t i o n  constant (lb/mv o r  in- lb/mv ) 
N = normal force 
m = p i t c h i n g  moment about the  balance center  
A = a x i a l  f o rce  
Y = s ide  f o r c e  
R = r o l l i n g  moment about the  balance center  
n = yawing moment about the  balance center  
I n  add i t ion ,  t he  p i t ch ing ,  yawing and r o l l i n g  moment coe f f i c i en ts  
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DATA REDUCTION (Continued) 
about the  model moment reference center  and a x i a l  f o r c e  cor rec ted  f o r  model 
c a v i t y  pressure were computed from the  f o l l o w i n g  equations: 
(1) where: 
C 
m = m t G ~ + h ~  
rlc = n + u Y t G A c  (2)  u = -0.519 inches 
RC = a + i Y - G N  ( 3 )  h = t0.250 inches 
C - 
- 
- 
A, = A + S  cav. (Pcav. - P,) (4 )  v = 0.0 
= 4.500 i n  2 
'cav. 
The pressure transducers measure t h e  d i f f e r e n c e  between the  i n i t i a l  
t e s t  sec t ion  pressure and the  app l ied  l o c a l  pressure. The i n i t i a l  pressure 
i s  of t h e  order  of 5 microns and i s  added t o  the  measured pressure t o  ob- 
t a i n  the absolute model pressure. The l o c a l  pressure c o e f f i c i e n t  C was 
then computed. 
P 
The t e s t  cond i t ions  o f  pressure, temperature and Reynolds number a r e  
computed by assuming i s e n t r o p i c  expansion o f  t h e  t e s t  gas from the con- 
d i t i o n s  behind the  r e f l e c t e d  shock i n  t h e  d r i v e n  tube t o  the t e s t  sec t ion  
Mach number. The f l o w  i s  expanded s u f f i c i e n t l y  so t h a t  the  a i r  i n  the  t e s t  
sect ion i s  cool  enough t o  obey t h e  per fect  gas laws. 
The s tagnat ion enthalpy and temperature o f  the  a i r  behind the  r e -  
f l e c t e d  shock i s  determined from 
and 
To = T1 (T4/T1), r e s p e c t i v e l y  
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DATA REDUCTION (Continued) 
where H4/H,  and T4/T1 a re  funct ions o f  Ui, t he  i n c i d e n t  shock v e l o c i t y ,  
(References 4-6) .  
wave t o  pass between t w o  s ta t i ons  i n  the  shock tube. 
Reference 7. 
Ui i s  obtained by measuring the t ime taken by the shock 
H, i s  taken from 
Free stream s t a t i c  temperature i s  obta ined f r o m  
= -  "0 ( I +  2 - 1  M:) '-' 
O3 cP 
( 7 )  
Free stream pressure i s  ca l cu la ted  us ing 
b P/Po 3 r e a l  where: 
P = [  1 P (P/Po)perf. 
i s  the  r e a l  gas c o r r e c t i o n  t o  t h e  i d e a l  s t a t i c - t o - t o t a l  
descr ibed i n  Reference 8. The source data used i n  t h i s  
pressure r a t i o  as 
technique a re  
References 7 and 9. 
Values f o r  absolute v i s c o s i t y  ( u )  used t o  compute Reynolds numbers 
were obta ined from Reference 10 f o r  temperatures below 500"R and from 
Reference 11 fo r  temperatures above 500"R. 
Stagnat ion cond i t ions  behind a normal shock i n  the  t e s t  sec t i on  are  
based on the  data o f  Reference 9. 
p roper t i es  i s  based on p e r f e c t  gas theory.  
The balance o f  t he  pr imary t e s t  sec t i on  
The normal procedure used t o  determine f r e e  stream Mach number i s  
through a c o r r e l a t i o n  o f  Mach number and r e s e r v o i r  pressure and tempera- 
t u r e  determined from previous a i r f l o w  c a l i b r a t i o n s  (Reference 1 ) .  These 
c a l i b r a t i o n s  consis t  o f  measured l a t e r a l  p i t o t  surveys f o r  a range of 
tunnel  operat ing cond i t ions .  Free stream Mach number used i n  the  c o r r e l a t i o n  
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DATA REDUCTION (Continued) 
i s  determined from the ratio pi/po for each airflow run (Reference 3). 
Dynamic pressure is then calculated from 
2 
qao = + P, Mm (9) 
During this program, coefficient data scatter as high as 2 20% was 
noticed at some test conditions. Since X /R and L/D did not show this 
scatter it was concluded that the coefficient scatter was caused by in- 
sufficient knowledge of dynamic pressure. 
that the forward model pressure (P ) correlated very well with normal force 
as shown in Figure 4a. Correlations of i+, , normal force and dynamic 
pressure were then made using an iterative procedure. The resultant values 
CP b 
It was subsequently discovered 
"4 
4 
are shown in the tabulations below and are plotted in Figures 4b to 4d. 
ALPHA 
30" 50" 
pm4/q OD 0.3522 0.6689 0.9806 1.353 
6e/gBF -4O"/-11 " oo/oo +I 2"/+16.3" +15"/16.3" 
-40" --20" -
Nhl4 43.34 46.53 52.39 54.02 
ALPHA 
20" - 30" - 40" - 50" 'e/'BF 
N/q, 15.26658 28.99053 42.49997 58.661 09 -4O"/-11.7" 
N/qw 16.39050 31 .12480 45.62880 62.97970 Oo/Oo 
N/s, 18.45437 35.04398 51.37430 70.9100 +12"/+16.3" 
N/ 9, 19.02763 36.13260 52.97020 73.1 1276 +15"/+16.3" 
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DATA REDUCTION (Continued) 
This procedure is based upon the assumption that viscous interaction 
effect on normal force is on the order of 1%, and can effectively be ignored. 
Therefore normal force is assumed t o  be linear with dynamic pressure. In 
addition, p is located on the model such that it is free f r om f l o w  se- 
paration and control surface deflection effects. It can also be shown t h a t  
"4 
test data for pm 
used for data reduction (see Figure 4d). 
i s  linear with the estimated value for dynamic pressure 
4 
Test conditions were then obtained as follows: 
1) Dynamic pressure for a given run was calculated from the ratio 
of pm /q, for the proper angle-of-attack and the measured pm for 
that run. 
Pitot prespre was calculated from the theoretically established 
ratio of p,/qm used in Reference 3. 
Free stream Mach number and the balance of the test conditions 
were then calculated from the ratio p ' /p  , using the measured 
values of reservoir conditions for thgt Pun and equations 5 to 8 
as discussed above. For a detailed discussion of the theoretical 
principles and experimental substantiation for deriving the esti- 
mated dynamic pressures, see Reference 14. 
4 4 
2) 
3 )  
Other equations and methods special to this test are outlined below: 
1) Calculation of viscous parameter i: (Rockwell Method) 
T* = 0.5 + (1 t 0.2 M2)[0.31462(sin2a) OD + 0.185381 (10) T 
Cn m 
T* 'I2 Tm ' 198.6) 
00 T* + 198.6 
c: =(7)( 
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DATA REDUCTION (Concl uded) 
2 )  Calculation o f  viscous parameter 0' m (LANGLEY METHOD) 
x= T (0.468 + 0.532 + 0.039 M 2 )  m (13) 
00 m 
G q  
The following reference dimensions and constants were used to  compute 
force and moment coefficient data and center of pressure locations. These 
values a re  shown i n  Figure 2f. 
Symbol Full Scale Model Scale 
936.7 i n  9.367 i n .  
C 474.8 i n  4.748 i n  
1290.3 i n  12.903 i n  'b 
2690.0 f t 2  0.269 f t 2  
bW - 
sw 
X~~~ 1076.7 i n  
'cav .. 
- 
U 
10.767 i n  
4.50 i n 2  
-0.519 i n  
0.0 i n  0.0 i n  Y~~~ 
Z~~~ 
0.0 - 
V 
375.0 i n  3.75 i n  
- 0.250 i n  h 
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DISCUSSION OF TEST RESULTS 
A t o t a l  of 121 runs were completed a t  Calspan. Of these 108 runs 
yielded useable d a t a .  
i n  Tables I and IV. 
S i x  t e s t  conditions were r u n  and these are  l i s t ed  
As a resul t  of  the problem w i t h  dynamic pressure, a l l  of the coefficient 
data presented i n  t h i s  report are based upon a procedure t o  provide estivated 
dynamic pressure based on model pressure (p 
i s  described i n  the Data Reduction section of this report. 
) correlations.  This procdurc 
m4 
I n  general, preliminary force resul ts  show less  viscous interaction 
e f fec t  than da ta  from t e s t  OA81 (Reference 12).  
from t e s t  OA113 are about 60 percent as large as that  obtained from t e s t  
O A 8 1 .  Positive deflection of control surfaces show l i t t l e  viscous inter-  
action e f fec t  on pitching moment except a t  higher angles of attack (40 
and 50 degrees e x h i b i t  pitch u p ) .  
ACA and A C m  ( 0 . 6 5 ~ ~ )  d a t a  
Shock wave structure can not be seen i n  the Schlieren photographs for  
- 
t e s t  conditions where V* i s  greater than 0.036, because of the very low 
freestream density. 
m 
Before the t e s t  began, certain model discrepancies and errors  i n  con- 
figuration were discovered. These model inaccuracies were corrected be- 
fore t e s t  OA113, and are documented i n  reference 13. However, d u r i n g  the 
t e s t ,  i t  was discovered tha t  the +10 degree elevon brackets were actually 
+ 12  degrees. This was indicated by data trends and l a t e r  substantiated 
by making + 15 degree elevon deflection runs and thorough measurements. 
A complete analysis and discussion of t e s t  data and resu l t s  can be 
found i n  Reference 14. 
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TABLE I .  
1 DATE : 10 Aug. 74  TEST : OA-113;  CAL 184-220 
TEST CONDITIONS 
I I I 
I I I 
B A L A N C E  U T I  LlZEO : CALSPAN ' 'E" Low-Load Balance 
C O E F F I C I E N T  
ACCURACY.  T O L E R A N C E .  
CAPACITY:  
NF 
SF 
A F  
P ' E  
RM 
YM 
96.3 l b s  
62.4 l b s  
41.0 l b s  
60.86 i n - l b s  
12.04 i n - l b s  
43.13 i n - l b s  
f 3% measured 
f 3% measured 
f 3% measured 
t 3% measured 
f 3% measured 
f 3% measured 
1 oad 
1 oad 
1 oad 
1 oad 
1 oad 
- 
- 
1 oad 
C O w ? E h ( T S '  *See Data Reduction s e c t i o n  
T.C. = Test  Cond i t ion  Code No. used by Calspan 
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.. 
a 
TEST RUN NUMBERS 
I I  
PE" 
30 
L -. 
T E S T  RUN NUMBERS 
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*REVISED 4/24/74 
TABLE 111. - M O D E L  DIMENSIONAL DATA 
MODEL COMPONENT Born - ~ b h  
G E N E R A L  DESCRIPTION 
NOTE: 
C o n f i r n e t i o n  1 b A / B  Orbiter P’uselsge 
%h identical to %4 except  underside of Fuschge refaired to 
, 
0 
DRAWING NUMBER . VL70-OOO193, VL70-000140A - 
e 
DIMENSIONS.  FULL SCALE MODEL SCALE 
Length (Body Fwd sta X0=235) -In.- U.9171 
* Max Width (a  ~0 = 1528.3)-1n. 264 .o 2.640 
Max Depth (62 Xo = 1464) - In. 250 .o 2.500 
Fineness Ratio 
Area - pt.2 
Max. Cross-Sectional -- 
Planform 
Wetted 
Base 
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*REVISED 4/24/74 
TABLE 111. - MODEL DlMENSlONAL DATA- Continued. 
MODEL COMPONENT :- 
G E N E R A L  DESCRlPTlON ConfiRuration fA 
Canopy to match the nose 1 b A / B  
DRAWING NUMBER n70-000~43~ 6 n70-000140~ 
DIMENSIONS 
* Length ( X0=434.643 to 578) 
Max Width 
Max Depth 
(@ Xo = 513.127) 
(a  x0 = 485.0) 
Fineness Ratio 
Area 
M ox. Cross- Sectional 
P Ian fo rrn 
Wetted 
Base 
FULL SCALE MODEL SCALE 
143.357 1.434 
152.412 1.524 
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TABLE I1 I .  - MODEL DIMENSIONAL DATA - C o n t i n u e d .  
MODEL COXPONENT : ELEVON - E U  (See Figure 2g) 
DRAWING h'l!YBER: H o t  available 
DINENSIONS: 
2 Area - Ft 
Span ( e q u i v a l e n t ) ,  In. 
I n b ' d  e q u i v a l e n t  chord In. 
Outb'd e q u i v a l e n t  c h o r d  , In. 
Ratio movable s u r f a c e  chord /  
t o t a l  s u r f a c e  chord 
A t  I n b ' d  e q u i v .  chord 
A t  Outb'd e q u i v .  chord  
Sweep Back . A n g l e s ,  d e g r e e s  
Lead ing  Edge 
Trailing edge 
Hinge1 ine  
Area Moment (Product of area & c),Ft 3 
Mean Aerodynamic Chord, In. 
FULL-SCALE MODEL SCALF 
21(20 _o.0210 
749.2 1.492 
118 .o 1.180 
0.552 55.19 
0 .a 0,2096 
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TABLE 111. - MODEL DIMENSIONAL DATA - Continued. 
MODEL COMPONENT 5 
GENERAL DESCRIPTION Configuration 1 b A / B  Orbiter Bodv F l a ~  
MODEL-SCALE: 0.010 MODEZ D W G :  S- I 2  
DRAWING NUMSER 270-&5 
DIMENSIONS. FULL SCALE 
Fineness Ratio 
Area- F’t 2 
M ox. Cross- Sect ional 
P ton form 
Wetted 
. Bote 
+Model dim. measured from 
142.6 
MODEL SCALE 
0,970 
2.620 
0.230 
11.81r7 
b d e l  S t e .  15.20 
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TABLE 111. - MODEL DIMENSIONAL DATA - Continued- 
MODEL COMPONENT OMS/RCS POD S - M7 
GENERAL DESCRIPTION Conf' iwration 140dB Orbi te r  OMS/RCS pods. 
-LEASE 12 
- DRAWING NUMBER yL70 -000145. 
DIMENSIONS FULL SCALE MODEL SCALE 
Length (OMS Fwd S t a  X,=1233.0) In. 1 3 .  OOQ 3.270 
Max Width (@ Xo = 1450.0) - In. 94.5 0.945 
Max Depth (@ Xo = 1493.0) - In. log.  003 1 .ogo 
Fineness Ratio 
Area 
Max. Cross-Sectional 
Planform 
Wetted 
Base 
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TABLE 111. - MODEL DIMENSIONAL RATA- Continued. 
MODEL COMPONENT: OMS NOZZLES - N28 
GENERAL DESCRiPrION: Configuration 1WA/B Orbiter OMS Nozzles 
MODEL SCALE: 0.010 
DRAWING NO. : V L 7 O - O O O l h A  (Location); SS-AOOlO6, RELEASE 5 (Contour) 
DIMENSIONS : 
xO zO 
GlMBAL ORIGIN: 
Left Nozzle - In. 1518.0 - 88.0 492.0 
Right Nozzle - In. 1518.0 + 88.0 492.0 
YAW -NULL POSITION: PITCH 
Left Nozzle (Null Pitch1'j049'; Yaw - + 8 
12O17: OUTB'D) 
13017' OUTB'D 
2'30' INB'D 
Right Nozzle (Null Pitch 15'49'; Yaw + 8O 13°17' OUTB'D 
lz0l7 ' OUTB'D) 2'17' INB'D 
37 
Length - I n .  
Gimbal P o i n t  to  E x i t  Plane 
Throat Lo E x i t  Plane 
Dimeter - I n .  
Z x i  t ( E x t e r n a l )  
Throat 
Inlet 
t.rea - f t 2  
L x i  t 
Throat 
Girnbal P o i n t  (Station) . I n .  
Uppe r No z z le 
A 
Y 
N u l l  Po:;ition - L ~ L .  
Upper Nozzle 
Pi  t c h 
YAW 
Lower Noczl-e 
P i t c h  
Y A W  
38 
151.00- 
94 .oo 0.940 
- 
1445.00 -1 4.450 
o.00 - a- 
*REVISED 4/24/74 
GENERAL DESCRIPTION: 2 A ,  3, wr 
m x L i J o W g 5  
DRAWING KUYRER: vL70 400095 
DIKENSIONS: 
2 * Area - Ft 
Span (equ iva lent )  - IKL 
I n b ' d  equivalent  chord - In. 
Outb'd equ iva lent  chord - In. 
FULL -SCALE MODEL SCALF 
100.15 0,.0100 
201 .o 2.010 
91 585 0.916 
50 833 0.506 
Rat io  movable surface chord/ 
total surface chord 
0.400 0.400 At I n b ' d  equiv. chord 
0.400 A t  Outb'd equiv. chord 0.400 
Sweep Back Angles, degrees 
4 a- 
Trailing Edge 26.25 2h,2r; 
34.83 74,81 
Leading Edge 
Hinge1 i n e  
*krea Moment (Product of area & 5 )  -l?t 3 610.92 0.000611 
73.2 0.732 '+hilean Aerodynamic Chord, Inches 
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* W I S E D  4/24/74 
TABLE 111. - MODEL DIMENSIONAL DATA - Continued. 
MODEL C o M p 0 " T :  VERTICbL V8 
CLENERAZ, DESCRIPTION: C O L m g w a Q L U .  
2 
Area (Theo) - Ft 
P h n f O I Y l l  
Span (meo) - In. 
P. ape c t Ratio 
Rate of Taper 
Taper Rat io  
Sweep-Beck Angles, Degrees. 
Leading Edge 
* Trailing Edge 
0.25 Element Line 
Chords : 
Root (Theo) ir'p - In. 
Tip (Theo) 
U C  
FUS. sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 
Lirfoil Section 
Leading Tkedde :Ingle - 
Trailing Wedge L.nCl;le 
Leading Edge Radius 
Void A r e a  
2% 
26.2 
41.13 
- 0.- 
0 .oo 0 .oo Blanketed krea 
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TABLE 111. - MODEL DIMENSIONAL DATA - Concluded. 
TOTAL DATA 
Area :Tieo.) F t2  
? I  a n  form- 
S?an ( T k o  In ,  
Aspec: 9 a t i o  
2ate o f  Taper 
Taper Tatlo 
Dihedral Pngle ,  degrees  
I n c  ;dence A r s l e ,  degrees 
Aerodynamic Twi  st ,  degrees 
Sweep 3ack A n g l e s  , degrees  
Leading Edge 
Tra i  1 i ng Edge 
0.25 Element Line 
R o o t  (Theo) B.P.O.O. 
T i o ,  (Theo) B.P. 468.34 
MAC 
Fus. S t a .  o f  .25 MAC 
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b. Upstream View o f  Model and P i t o t  Rake Looking Toward Throat  Area of 
48-Inch HST 
F igure 3. - Continued. 
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c. Sideview o f  P i t o t  Rake and Model, Mounted i n  Test  Sect ion o f  
48-Inch HST 
F ig l l re  3. - Continued. 
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d. R igh t  Sideview o f  Calspan "E"  Force Balance Assembly w i t h  
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F igure  3. - Continued. 
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e .  Top View of CalsPan " E "  Force Balance Assembly and 
Accelerometer Bracket 
Figure 3. - Continued. 
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f. L e f t  Side View o f  Calspan "E" Force Balance Assembly and 
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F igure  3. - Continued. 
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Figure 3. - Centinued. 
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F igure  3. - Continued. 
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i .  Bottom View o f  Model Showing S t a t i c  Pressure Or i f ices ,  
Balance Load Pan Holes, and Transducer Mount For p 
"3 Figure 3 ,  - Continued. 
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J .  Top View Showing Model Mounted on Sting-Balance Assembly and 
Cavi ty  Pressure Transducer on Forward Right  S ide  o f  Balance Housing 
Figure 3. - Concluded. 
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